Amyotrophic lateral sclerosis (ALS) is a neurodegenerative disease of motor neurons resulting in progressive paralysis. Gene expression studies of ALS only rarely identify the same gene pathways as gene association studies. We hypothesised that analysing tissues by matching on degree of disease severity would identify different patterns of gene expression than a traditional case-control comparison. We analysed gene expression changes in four post-mortem CNS regions, stratified by severity of motor neuron loss. An overall case (n = 6) control (n = 3) comparison identified known ALS gene, SOX5 as showing differential expression (log2 fold-change = 0.09, p = 5.5x10 
Introduction
Amyotrophic Lateral Sclerosis (ALS) is a neurodegenerative disease in which there is progressive loss of upper and lower motor neurons, typically leading to diaphragmatic respiratory failure and death within 3 to 5 years. Risk mutations and other genetic variants have now been identified in a substantial proportion of patients, and more than 100 genes have been implicated (Abel, et al., 2012,Andersen and Al-Chalabi, 2011) . Common mechanisms such as accumulation of phosphorylated TAR DNA-binding protein 43 (TDPSpinal Cord Gene Expression in ALS 3 43) proteins are being identified, despite substantial genetic, cellular and clinical heterogeneity .
ALS is an adult-onset condition, even though the major predisposing factor maybe present from early life (Al-Chalabi, et al., 2014) . This is clearly seen in familial ALS where the genetic lesion is present from conception (Al-Chalabi and Hardiman, 2013) . Furthermore, despite the lesion being present in every cell, ALS onset seems to occur in one neurological segment, spreading to neighbouring regions within a predictable portion of time (Roche, et al., 2012) . The pattern of clinical spread is also predictable when using neuroanatomy as a framework (Ravits, et al., 2007) . Neuropathologically, these findings suggest that ALS begins focally and spreads diffusely throughout the corticospinal, bulbar and spinal motor network.
If the contiguous spread model of ALS is true, then anatomical regions close to the site of onset would be at a more advanced disease stage than topographically distant regions, and should show a different gene expression profile from those at an earlier disease stage regardless of anatomical segment. We therefore analysed gene expression in cases and controls stratified by anatomical segment, and compared these results with the analysis stratified by severity of disease in affected tissue as defined by both distance from site of onset and neuropathological examination.
Materials & methods

Setting and Patients
Brain and spinal cord samples were from the Medical Research Council's London Brain Bank for Neurodegenerative Disease based at the Institute of Psychiatry, King's College London, or Brains for Dementia Research at King's College London (see Table 1 for demographic and disease information). All
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patients had sporadic and limb-onset ALS. From each patient, four nervous system segments were isolated and analysed: Medulla, Cervical, Thoracic and Lumbar.
Tissue repository and RNA and DNA isolation
Tissue was either flash frozen post-mortem and stored at -80°C or formalin-fixed and paraffin embedded (FFPE) blocks. Frozen tissue blocks of 20mg were taken from available medullary, cervical, thoracic and lumbar regions. RNA isolation was performed by submersing the 20mg tissue block in 900µl QIAzol lysis reagent within lysing matrix D (MP Biomedicals, Santa Ana, CA, USA). The tissue in the lysing matrix was homogenised in FastPrep 24 (MP Biomedicals, Santa Ana, CA, USA) for 30 seconds at 4 metres per second.
RNA was isolated using RNeasy Universal Kit (Qiagen, Valencia, CA, US) using the manufacturer's protocol.
RNA was stored at -80°C in RNase-free water.
DNA was isolated by submersing the 25mg frozen tissue block in 80µl PBS and homogenising the tissue using a rotor-stator homogeniser, followed by extraction using the QIAamp DNA Mini and Blood Mini Kit (Qiagen, Valencia, CA, US). Proteinase K was added to the homogenate to deactivate protein activity.
RNA quantification and quality control
RNA quantification was estimated using a Life Technologies Qubit 2.0 fluorometer and kit reagents (Carlsband, CA, USA). DNA and RNA quality was examined via 260/280 absorbance ratios using a Thermo Scientific Nanodrop (Waltham, MA, USA) and DNA quality and RNA integrity (RIN) using an Agilent 2100
Bioanalyser (Santa Clara, CA, USA).
Spinal Cord Gene Expression in ALS 5
Histological Analyses
Haematoxylin and eosin (H&E) staining of FFPE blocks was used to estimate the extent of loss of motor neurons in each spinal and bulbar/medulla sample for all cases. Using a semi-quantitative score each sample was categorised into one of four grades of severity (see Table S1 ):
Mild loss of motor neurons: Few neurons seen with angulation and /or chromatolysis.
Moderate loss of motor neurons: Moderate numbers of angulated neurons with chromatolysis and occasional atrophic neurons.
Moderate-severe loss of motor neurons: Angulated and atrophic neurons obvious, with 20% of surviving neurons with normal features. Areas indicating neuronal loss obvious.
Severe loss of motor neurons: Very few surviving neurons. Fewer than 20% of those surviving having a normal appearance on H&E, with some evidence of gliosis and/or neuronophagia.
Whole-Genome Gene Expression using Illumina DASL HT Assays
We used Illumina Human Whole-Genome DASL HT Assay with UDG kit, containing protocol, reagents and BeadChips for the expression analysis, on the Illumina BeadArray platform (San Diego, CA, USA)
Probe and sample quality control
Illumina GenomeStudio 2011.1 was used to examine the quality of the RNA expression data. As sample quality control, background subtraction was performed and outliers were identified by examining signal averages of control probes by case, and removed accordingly. As probe quality control, to assess the expression data quality and number of probe for each case, the housekeeping probe average signal was compared to background noise. The 95th percentile was compared to background noise using as a signalto-noise ratio to assess quality of expression, and to assess the strength of probe signals. An overall Spinal Cord Gene Expression in ALS 6 average signal was examined using a box-plot; where probes had an average signal > 64,000 were deleted as recommended by Illumina.
For sample quality control, cluster analyses and related dendrograms were used to help to confirm biological replicates within individuals and identify any significant outliers. This analysis used the metric 1 -r, r being a correlation coefficient of probe expression, for all cases and controls. A scatter plot was performed to examine signal intensities across two samples at a time, with exclusion criteria of r < 0.99.
Only probes with a detection p-vales < 0.05 were selected.
Bioconductor R Package Lumi 2.14 (Du, et al., 2008) was utilised for additional quality control steps, which included variance stabilising transformation and quantile normalisation , and obtaining a quality control estimate. Density, cumulative distribution function, and sample hierarchal clustering plots were drawn to highlight possible abnormalities in expression data.
Statistical analyses
Gene expression data was analysed using three approaches: first, by comparing expression from all tissue samples between cases and controls irrespective of their location (a typical expression study design); second, by comparing expression in each of the four segments individually between cases and controls; and third, by grouping spinal tissue by grade of severity, comparing gene expression in each severity grade with that in controls, and analysing changes in expression across the four grades of severity.
Differential expression analyses were run using Bioconductor R package Limma 2.14. This incorporates single-channel linear modelling (lmfit), comparing log-intensities of gene expression using make.contrasts Spinal Cord Gene Expression in ALS 7 which also calculates a t-statistic, and a post-analyses Bayesian modification of the t-statistic and log-odds for differential expression. Hierarchal clustering and heatmaps were created using heatmap.2 from the R package gplots (Warnes, et al., 2009 ). These tests were used for all comparisons except the analysis in expression across the four grades of severity.
To test whether gene expression change was dose-dependent across different grades of severity we used a repeated-measures genome-wide one-way ANOVA with gene expression level as the dependent variable and four grades of severity, which were ascribed by histological analysis. Using probes with p-values < 0.001 from the ANOVA analysis, we used Bioconductor package Heatmap.2 (Warnes, et al., 2009 ) and hclust, from which we were able to cluster and display probes in terms of their expression profile throughout progressing severity. Using probes with p-values < 0.01 from the ANOVA analysis, MFuzz (Futschik, 2012) , a time-based soft-clustering algorithm for gene expression, was used to identify clusters of genes which share similar changes in expression as a consequence of tissue severity grade.
Since RNA expression changes are likely to occur within networks, statistically significant differentially expressed genes were analysed using DAVID 6.7 (Huang da, et al., 2009) and AmiGO, for annotation of the clusters identified by DAVID. To allow DAVID's functional annotation clustering in analyses where there were few statistically significant changes in gene expression, the non-adjusted p-value threshold were lowered to p < 0.001, and p < 0.01 where necessary.
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Analyses using network tools
Genes of interest were examined using the protein-protein network tool STRING 9.05 (Jensen, et al., 2009) and the gene-gene and gene-protein network tool GeneMANIA (Warde-Farley, et al., 2010) . Networks showing relevance with previous ALS research are reported.
Results
Patient Characteristics and Quality Control
There were 6 patients and 3 controls. Mean age of onset for the patients was 60.8 (Table 1) . Mean post mortem delay was 28.8 hours for cases, and 35 for controls. Mean age at death was 64 years for cases and 64.6 for controls.
One tissue sample (mild affected cervical tissue) from patient ALS_3 was excluded from all analyses, as it was an outlier in the principal components quality control step. Three tissue samples were excluded from patients ALS_1, ALS_2, and ALS_3 as their degree of motor neuron loss could not be established (Table S1 ).
Before quality control there were 29376 probes, representing 20818 genes. After quality control 20040 probes remained, representing 14707 genes.
Sex
Age at death 
Case-control analysis
Analysis regardless of anatomical segment or severity
In the first instance, we compared tissue samples from all cases (n = 6, samples n = 20) with all controls (n = 3, samples n = 12) to identify genes showing differential expression between ALS and control samples regardless of anatomical segment, in a typical gene expression study design. After correction for multiple testing, 153 probes showed statistically significant differential expression with an adjusted p <0.05, representing 143 genes (see Supplementary Table S2 ). There were 7 functional annotation clusters with an enrichment score > 1.3. The main cluster identified was involved in insulin-like growth factor binding (enrichment score = 1.49; see Supplementary Table S3 ).
Analysis by anatomical segment
Analysis of medullary samples
Comparing cases (n = 5) with controls (n = 12) using medullary samples identified no probe that showed statistically significant differential expression after multiple-testing correction. We selected probes with a
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non-adjusted p-value < 0.01; there were 43 probes representing 42 genes (see Supplementary Table S4 ).
Functional annotation clustering using DAVID identified 3 clusters with an enrichment score greater than 1.3. The main cluster identified was involved in the glycoproteins and signalling (enrichment score = 2.51;
see Supplementary Table S5) .
Analysis of Cervical samples
Comparing cases (n = 5) with controls (n = 12) using cervical samples identified no probe that showed statistically significant differential expression after multiple-testing correction. We selected probes that showed differential expression with a non-adjusted p-value < 0.01; there were 69 probes representing 66
genes (see Supplementary Table S6 ). Functional annotation clustering using DAVID identified 10 clusters with an enrichment score greater than 1.3. The main cluster identified was involved in signal peptides and the extracellular region (enrichment score = 4.2, see Supplementary Table S7 ).
The gene Adenosine Deaminase (ADA), which differentially expressed in this category, was predicted to interact with ALS gene Amyotrophic Lateral Sclerosis 2 (juvenile) (ALS2) and is known to interact with Dipeptidyl-Peptidase 4 (DPP4) (Fig. S1 ). No other cluster had a reasonably high enrichment score or showed relevance in terms of function with known ALS pathology.
Analysis of Thoracic samples
Comparing cases (n = 6) with controls (n = 12) using thoracic samples identified no probe that showed statistically significant differential expression after multiple-testing correction. We selected probes that showed differential expression with a non-adjusted p-value < 0.01; there were 565 probes representing with an enrichment score greater than 1.3. The main cluster identified was involved in osteoblast differentiation (enrichment score = 2.23, see Supplementary Table S9) . 
Analysis of Lumbar samples
Comparing cases (n = 4) with controls (n = 12) using lumbar samples identified no probe that showed statistically significant differential expression after multiple-testing correction. We selected probes that showed differential expression with a non-adjusted p-value < 0.01; there were 276 probes representing 267 genes (see Supplementary Table S10 ). Functional annotation clustering using DAVID identified three functional clusters with an enrichment score greater than 1.3. The most significant cluster was involved in amino acid transmembrane activity (enrichment score = 2.03, see Supplementary Table S11 ).
The gene Cytochrome B5 Reductase 1 (CYB5R1), which showed differential expression in this cluster, binds
with Ubiquilin 4 (UBQLN4) which, similarly to VCP and Ubiquilin 2 (UBQLN2), regulates proteosomal protein catabolic processes (Fig. S3 ), and may be a possible candidate for ALS.
For lumbar samples, there were five genes previously implicated in ALS that showed significant differential expression, all of which were down-regulated. These were Dynactin 1 (DCTN1), Paraoxonase 1 (PON1),
Poliovirus Receptor (PVR), Solute Carrier Family 1 (glial high affinity glutamate transporter), Member 2 (SLC1A2) and Unc-13 Homolog A (UNC13A).
Analyses of expression by grade of severity
See Table S1 for pathological and clinical information for each case by spinal segment. To control for genes that naturally show differential expression between anatomical segments, probe expression was compared in a 4x4 matrix in control samples, including each of the levels of spinal cord. 149 genes were then excluded from subsequent analyses (Supplementary Table S12 ) as they showed inter-sample differential expression. Thus the only genes left in analyses were those that might vary by severity rather than nervous system location.
Analysis of Mild severity grade Samples
We compared tissue samples with mild motor neuron loss (n = 4) with control tissue samples (n = 12).
After correcting for multiple testing, 54 probes showed statistically significant differential expression.
These probes represented 51 genes (see Supplementary Table S13 ). Functional annotation clustering using DAVID identified 4 clusters with an enrichment score greater than 1.3. This cluster was involved in membrane and glycosylation (see Supplementary Table S14 ).
Analysis of Moderate severity grade Samples
We compared tissue samples with moderate motor neuron loss (n = 5) with control tissue samples (n = 12).
After correcting for multiple testing, 3 probes showed statistically significant differential expression. These of all which down-regulated. Functional annotation clustering using DAVID was not performed due to expected lack of statistical power.
Analysis of Moderate-Severe severity grade Samples
We compared tissue samples with moderate-severe motor neuron loss (n = 7) with control tissue samples (n = 12). After correcting for multiple testing, 15 probes showed statistically significant differential expression. These probes represented 15 genes (see Supplementary Table S15 ). Functional annotation clustering using DAVID identified four functional clusters with an enrichment score greater than 1.3. This cluster was involved in transmembrane glycosylation (see Supplementary Table S16) .
Analysis of Severe severity grade Samples
We compared tissue samples with severe motor neuron loss (n = 4) with control tissue samples (n = 12).
After correcting for multiple testing, 31 probes showed statistically significant differential expression.
These probes represented 27 genes (see Supplementary Table S17 ). The most significantly expressed gene, Angiopoietin 2 (ANGPT2), was represented three times in this category and interacts with proposed ALS gene Vascular Endothelial Growth Factor A (VEGFA). Functional annotation clustering using DAVID did not identify any cluster with an enrichment >1.3. Clusters with an enrichment <1.3 were involved in ion homeostasis and apoptosis immune response.
Analysis of grade-dependent changes in gene expression
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The gene SLC1A7, showed consistent significant down-regulation throughout each grade of tissue of severity ( Fig. 1) . Cholinergic Receptor, Nicotinic, Alpha 1 (Muscle) (CHRNA1), showed up-regulation in three grades. Fig. 1 also shows significant differential expression of ANGPT2 in two severity grades. The ANGPT2
protein is known to interact with VEGFA (Fig. S4) . ANGPT2 is down-regulated towards more severe grades of motor neuron loss, but as we see from the following analysis, VEGFA is up-regulated to begin with but later decreases, and shows statistically significant changes between severity grades when modelled in a repeated measures ANOVA. Cluster analysis on the change in expression was performed, using soft-clustering via the R package MFuzz (see Fig. 3 ). Genes were selected from the previous genome-wide ANOVA with the criteria of a non-
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adjusted p < 0.01 (n = 474) (see Supplementary Table S19 ). The analysis differentiated five clusters based on their expression pattern across severity grades. 
Discussion
We have shown that gene expression analysis in post-mortem ALS tissue, stratified by disease severity as defined both by neuropathology and by distance from onset site, identifies major ALS genes ( (Daoud, et al., 2011 ,Lai, et al., 2008 Differential expression analyses comparing cases with controls by spinal segments (p < 0.01)
DISC1
Thoracic Neurite outgrowth and cortical development (Landers, et al., 2009) 
SOX5
Thoracic Transcription factor for corticofugal neuron subtype development (Daoud, et al., 2011 ,Lai, et al., 2008 VPS54 Thoracic Retrograde transport of proteins from prevacoules to late Golgi (Meisler, et al., 2008) ZFP64 Thoracic May be involved in transcriptional regulation (Schymick, et al., 2007) DCTN1 Lumbar Endoplasmic-reticulum-to-Golgi transport, and axonogenesis (Munch, et al., 2004 ,Puls, et al., 2003 PON1 Lumbar Hydrolyses the toxic metabolites of organophosphorus Insecticides (Saeed, et al., 2006) PVR Lumbar Transmembrane glycoprotein from the immunoglobulin superfamily (Saunderson, et al., 2004) SLC1A2 Lumbar Transports glutamate from the synaptic extracellular space (Lin, et al., 1998 ,Meyer, et al., 1999 UNC13A Lumbar Vesicle maturation during exocytosis (Chiò, et al., 2009 ,Daoud, et al., 2010 ,Shatunov, et al., 2010 ,van Es, et al., 2009 
Differential expression analyses comparing cases with controls by severity of affected tissue (p < 0.05 after multiple testing correction)
VEGFA Mild-mod Growth factor in angiogenesis (Lambrechts, et al., 2003 ,Oosthuyse, et al., 2001 )
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ANOVA grade-dependent changes in probe expression -ANOVA (p < 0.001) VEGFA N/A Growth factor in angiogenesis (Lambrechts, et al., 2003 ,Oosthuyse, et al., 2001 DIAPH3 N/A Actin remodelling, and regulates cell movement and adhesion (Daoud, et al., 2011) MFuzz clustering of grade-dependent changes in probe expression using ANOVA p < 0.01
C9orf72
Cluster 2 Possible intracellular membrane trafficking (DeJesus-Hernandez, et al., 2011 ,Renton, et al., 2011 DIAPH3 N/A Actin remodelling, and regulates cell movement and adhesion (Daoud, et al., 2011) HNRNPA1 N/A Pre-mRNA binding protein involved in metabolism & transport (Kim, et al., 2013) 
MATR3
Cluster 2 May stabilise certain mRNA species or play a role in transcription (Johnson, et al., 2014) 
SLC39A11
Cluster 2 Metal ion transmembrane transporter activity (Landers, et al., 2009) VEGFA N/A Growth factor in angiogenesis (Lambrechts, et al., 2003 ,Oosthuyse, et al., 2001 ) Table 2 . Genes showing statistical significance that have previously been implicated in ALS.
topographical distance from onset to act as a proxy for disease stage. The pathological grading of nervous system segments followed our expectations under the hypothesis of spread, supporting this approach.
These findings suggest that future analyses should take into account local disease stage, and lend support to the hypothesis of disease spread from a focus.
One hundred and forty-three genes showed changes in expression when comparing all tissue samples between cases and controls. The greatest change was seen for SLC1A7, showing a log2 fold change of -0.33. SLC1A7 was consistently down-regulated across most analyses, including statistically significant expression changes in cervical, thoracic and lumbar tissues, and in all severity grades. As it was consistently down-regulated, we could not see significant changes in expression in grade-dependent analyses. SLC1A7
has been implicated in ALS previously in a comparative genomic hybridisation study examining genomewide copy number variation in 71 sporadic ALS cases and 700 non-ALS controls (Shoichet, et al., 2009 ).
SLC1A7 protects motor neurons from excitotoxicity by transporting extracellular glutamate (Kanai, et al., 2013 ) through its protein Excitatory Amino-Acid Transporter 5 (EAAT5), and therefore could be involved in ALS pathogenesis through the excitotoxicity hypothesis. EAAT5 shares 36% sequence identity with glia protein Excitatory Amino-Acid Transporter 2 (EAAT2), which is encoded by SLC1A2 of the same gene family and has almost the exact same function as EAAT5. SLC1A2 was first implicated in ALS in 1996 (Bristol and Rothstein, 1996) .
SOX5 showed significant up-regulation of log2 fold-change 0.09, and has been previously implicated in ALS through candidate gene sequencing (Daoud, et al., 2011) . SOX5 is a developmental gene involved in early corticospinal motor neuron specification. For discussion on gene ontology enrichment analyses see supplementary section 1.
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Comparing probe expression between cases and controls for each separate spinal segment revealed several noteworthy genes, two of which are major ALS genes (DCTN1 and UNC13A), seven genes implicated in ALS previously (DISC1, SOX5, VPS54, ZFP64, PON1, PVR and SLC1A2) has been found to be up-regulated in previous ALS studies (Bernardini, et al., 2013 ,Bruneteau, et al., 2013 .
The gene encodes a subunit of muscle acetylcholine receptors that are involved in binding. For discussion of gene NCRNA00095 see supplementary section 4, and supplementary section 5 for ontology analyses using severity-grading.
We identified significant changes in ANGPT2 expression. ANGPT2 is known to interact with VEGFA and their relationship seems bidirectional (Fig. S4) (Johnson, et al., 2014) .
Currently, C9orf72 is the most important gene in ALS genetics explaining the largest portion of Caucasian ALS cases (Majounie, et al., 2012 ,Shatunov, et al., 2010 . Differential expression analyses comparing cases and controls have been mixed (Belzil, et al., 2013 ,Renton, et al., 2011 but most evidence suggests a reduction in C9orf72 transcripts (Ciura, et al., 2013 ,DeJesus-Hernandez, et al., 2011 ,Donnelly, et al., 2013 ,Lagier-Tourenne, et al., 2013 . We recorded an up-down change in C9orf72 expression as tissue became more severely affected. The expression change was statistically significant and was in the top 0.77% for genes in which expression changed as a function of increasing severity. It followed a common expression pattern with 48 other genes belonging to Cluster 2 from the MFuzz analysis, and it is possible that C9orf72 aberrant expression may be consequential on some of these genes if they co-express with one another.
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If C9orf72 pathology is due to a toxic-gain-of-function then these results suggest that C9orf72 pathology is heightened in mild affected (onset) regions, where it is up-regulated, in comparison to its severely affected regions (late stage disease), where it is down-regulated. This may reflect the depletion of motor neurons as the disease worsens or a decrease in the expression of C9orf72 due to an unknown factor.
A dilemma for gene expression studies is the inference of causality. Functional categories such as angiogenesis and the involvement of genes like VEGFA may be a consequence of ALS, rather than its cause.
However, many of the genes highlighted in this paper and the functional categories they form, are known to harbour genetic mutations in ALS, which suggests that causality follows the central dogma of genetic mutation to dysfunctional gene expression.
A limitation of this study is the sample size. Post mortem ALS tissue does not routinely include spinal cord, and the ability to extract high quality RNA is affected by multiple factors. Nevertheless, it is encouraging that known ALS genes are identified using this technique. A second limitation of our analyses, which could be problematic for stratified analyses in grade-dependent changes in expression, is the treatment of medullary samples as spinal samples. From our data, this strategy seems reasonable, as functional categories and genes significant in the medullary samples were also significant in non-medullary samples.
A third issue is how to interpret results from tissue samples which have a severe reduction of motor neurons. Notably, there were no highly enriched functional categories for genes showing significant foldchange in severe-grade samples; the most enriched category was involved in disulphide bonds. Yet, there were no samples with complete motor neuron depletion and genes found to differentially express in the moderate-severe grade were also found to be differentially expressed in the severe grade. Interpretation
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of findings in this severity grade should however be considered taking into account the scarcity of motor neurons in these samples. Genes found to differentially express in moderate-severe to severe categories are likely due to astrocyte expression.
We were able to identify more genes showing differential expression by stratifying tissue samples by severity of motor neuron loss rather than by tissue type. We have tried to account for differences in expression between nervous system segments by excluding genes showing inter-regional expression changes in controls. Thus, the only remaining difference between segments is disease stage. The ontologically enriched categories derived from the analyses by severity grade, such as glycosylation and transmembrane activity, angiogenesis and immune response, and the finding that many known or proposed ALS genes show expression changes with changes in disease severity, support the evidence that the genes identified in these analyses are functionally involved in ALS.
Conclusion
We performed gene expression analyses in ALS using two approaches: one that compared expression between ALS cases and controls regardless of disease severity, and one that examined changes in expression across increasing severity-grades of affected tissue. Both approaches revealed significant changes in expression for known ALS genes and highlighted several interesting candidate genes. However the approach that examined changes in expression across different grades of severity identified genes and pathways not identified by the other method. These included changes in C9orf72, MATR3 and VEGFA expression, known ALS genes, and changes in RNA processing and immune-response pathways, known to be important in ALS. We therefore suggest that stratification by disease severity can complement ALS gene expression studies, and identify risk genes in which standard tissue-specific comparison models cannot. Research Council, and Netherlands, ZonMW).
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